The magnetic resonance of the pure monocrystals of CuGeO 3 is studied in the frequency range 9-75 GHz and in the temperature interval 1.2-25 K.
Introduction
The inorganic compound CuGeO 3 possesses the magnetic and crystallographic properties of the spin-Peierls crystals and is intensively studied during the last years by different methods. The magnetic structure of this crystal is based on the 1D-chains of S=1/2 Cu 2+ ions, elongated along the c− axis of the orthorombic crystal. The drop of the magnetic susceptibility is found below the temperature of the spin-Peierls [1] transition. This drop of the susceptibility is accompanied by the lattice period doubling in the directions a and c [2, 3] . The change of the magnetic properties is provided by the formation of dimers of magnetic atoms, being placed closer than in the initial state, with the exchange integral being larger than that in the state above the transition point. The ground state of the spinPeierls crystal is singlet, and the excited states are separated by an energy gap. The magnetic susceptibility is to be equal to zero at absolute zero. The values of the gap and of the spin-Peierls transition temperature depend on the variation of the exchange integral along the dimerised chain [4, 5] . Note that the undimerised chain of the S =1/2 spins with the Heisenberg antiferromagnetic exchange has the gapless spectrum, and the ground state is not the Neel state [6] .
The described transition results from the instability produced by the interaction of the 1D spin chains with the 3D elastic lattice of the crystal. Spin chains construct a quasi-one-dimensional antiferromagnet, but the reconstruction of the crystal at the transition is of three dimensional character and the dimers are placed in an ordered sublattice. The displacements of copper ions are directed along the c-axes and the rotations of the oxygen octahedra surrounding the copper ions occur in the ab-plane [2] . The displacements of copper ions of the neighboring chains are opposite-phase-correlated, i.e. the dimers coincide after the translations by vectors a + c or b/2 + c. Here a, b, c are the primitive translations of the undimerized phase. The period of the Cu-sites displacement along the b−direction is equal to a half of the period of the lattice in the hightemperature phase, because there are two Cu-ions per primitive cell, separated by the translation b/2. The octahedra rotations are correlated in an analogous way, the octahedra coincide after the translations mentioned. Thus the reconstruction of the lattice is accompanied by the dimerization of copper atoms along the c− axis and of the oxygen atoms along a and b-axes. The displacements δz klm of the Cu 2+ -ions relative to the undimerised lattice may be described by the relation:
Here ξ is the amplitude of the displacement, k, l, m are the coordinates of the Cu-ions respective to some reference ion in the units ofa, b/2, c in the system of coordinates attributed to the crystal axes a, b, c. The phase ψ is the phase of dimerization, it can take one of two values: 0 or π following [7] . The state of the crystal is doubly degenerated with respect to this parameter.
The main characteristics of the spin-Peierls state in CuGeO 3 , are as follows [3] : the temperature of the transition T SP = 14.2 K, the intrachain exchange integral J c is 10.6 meV, the energy gap at absolute zero ∆ = 2 meV, the relative variation of the exchange integral in the dimerised chain δ=0.042. The interchainto-intrachain exchanges ratio are J b /J c =0.11, J a /J c = -0.011. The maximum displacement of the Cu-ions is 0.007 A o . The magnetic susceptibility data and the results of the studies of the crystallographic and magnetic structure and the investigations of the excitation spectra of CuGeO 3 agree mainly with the concept of the spin-Peierls transition (see, e.g. [3] ).
The freezing out of the magnetic susceptibility of the real samples does not occur for all the 100 per cents. The magnetic susceptibility of the best samples vanishes approximately for 10 times, the susceptibility takes the minimum value at 5 K and demonstrates an increase at the further diminishing of the temperature. The residual susceptibility might be ascribed to the dangling ends of the chains or to the impurities. There are also other suggestions, given below in this paper.
The insertion of the defects in the lattice or the doping of the magnetic subsystem results in the lowering of the spin-Peierls transition temperature, and in the 3D long range antiferromagnetic order at more lower temperatures [8, 9] . After the doping by 0.07% Si or by 2%Zn the Neel temperature is 4 K . The remarkable feature of the antiferromagnetic ordering stimulated by the impurities is the coexistence of the Neel and spin-Peierls states. The mean spin-per-site value is of several tenths of the nominal value. The suppression of the dimerization in the vicinity of the defect is the reason for the transformation of the nonmagnetic spin-Peierls state into the antiferromagnetic state [7, 10] . The absence of the dimerization leads to the antiferromagnetic correlation of several spins around the defect along the chain and in the perpendicular directions because of the exchange interactions. The average value of the spin projection diminishes with moving away from the defect. The correlated areas of the neighboring defects overlap, providing the long range magnetic order. At a nonzero temperature the long range order is destroyed when the energy of thermal fluctuations is large enough to damage the correlation of the neighbor defects.
The long range magnetic order was not observed downto 1.2 K for pure samples which showed the diminishing of the susceptibility below T SP for more than 10 times. Nevertheless the pure crystals of CuGeO 3 demonstrate unusual magnetic properties at low temperatures. The low temperature study of the electron spin resonance (ESR) [11, 12] showed that the ESR spectrum is complicated by splitting into several components of the unknown nature. The effect of the electric field influence on the magnetic susceptibility in the temperature range of the residual susceptibility [13] also indicate the unusual state of the crystal at low temperatures. The residual susceptibility was supposed to be provided by the magnetic defects which arise together with the lattice defects at the temperature T SP , these defects being the boundaries of the spin-Peierls crystallites. The crystallites differ through the different values of the phase of the dimerization. Thus the residual susceptibility may arise in a rather pure crystal and may exceed the susceptibility of the paramagnet with the number of magnetic ions equal to the number of defects in the high temperature phase.
The aim of the present paper is the study of the ESR spectra of the pure monocrystals of CuGeO 3 for the determination of the structure of the magnetic defects of the spin-Peierls phase.
Experimental techniques and samples
The crystals of CuGeO 3 were grown from the high purity components by means of the spontaneous crystallization from the flux melt at the slow cooling. The velocity of the crystallization was 10 −3 cm/hour. The test of the impurities content was performed by means of the activation analysis and by atomic plasma spectroscopy (ICP/APS). The concentrations of the impurities Fe, Ni, Mn, Co did not exceed 10 −4 per Cu-ion.
The magnetic impurities and defects provide the residual magnetic susceptibility in the spin-Peierls crystal. Therefore the quality of the crystal may be characterized by the ratio Q of the susceptibility at 15 K to the minimal value of the susceptibility measured at 5 K. The smaller is the amount of the defects in the spin-Peierls crystal, the higher is the value of the quality factor Q. For the main set of our samples Q =20.
Samples from other growth procedures were also studied for the comparison of the samples with the different content of the different defects. ESR spectra of the samples used in [12] (sample N2) were taken. This sample was prepared by the floating zone method and contained the impurity of Fe in the amount of 10 −3 . The quality factor of this sample is 7. A set of samples was grown from the same initial materials as the main set but at the more rapid crystallization rate for the comparison of the samples with different concentrations of the structure defects. The crystallization rate for these samples was 1cm/hour and the value of Q was 6. The samples grown at the rate of the crystallization 6 cm/h had the value of Q=3. For the investigation of the impurities influence on the ESR signal the samples doped with Ni of the composition Cu 0.995 Ni 0.005 GeO 3 , were grown at the rate 1 cm/h.
The lines of the magnetic resonance were taken as the dependencies of the microwave power transmitted through the cavity containing the sample vs the magnetic field in the frequency range 18-75 GHz. The spectrometer with the modulation of the magnetic field was used at the frequency 9 GHz and the fieldderivatives of the magnetic resonance lines were recorded. The measurements were done in the temperature interval 1.2-25 K in the magnetic fields up to 60 KOe.
3 The spectrum of the magnetic resonance in CuGeO 3
At the temperatures above and in the vicinity of T SP the ESR spectrum of CuGeO 3 consists of a single line. As described in [11, 12] , this line broadens at the diminishing of the temperature and further the spectrum splits at 5 K, there arise four strong and several weak lines at lower temperatures. The low temperature ESR signals are relatively weak. Using the known value of the molar susceptibility of CuGeO 3 at T =15 K and the value of Q-factor one could estimate the effective concentration of the paramagnetic defects which could be responsible for the ESR signal of the observed intensity. The main set samples integral intensity at 5 K is 1.0
. 10 −3 of the intensity of the electron spin resonance of the paramagnet with one electron spin per Cu-ion.
The characteristics of the magnetic resonance are shown in figures 1-6. The evolution of the lineform with temperature and the transformation of one single line into four lines is shown on the Fig.1 . One could see here the part of the integral intensity of the broad line is splitting and forms a new line on the right side of the main line at T=3.5 K, the main line is also splitting into three components. Fig.2 shows the records of the magnetic resonance spectra at H c at different frequencies taken at the temperature 1. 
Subscript κ denotes one of the field directions along the axes a, b or c. The values of g−factors g iκ and of the constants d iκ are given in the Table 1 . The nonzero values of d 1κ , d 3κ describe the splitting of the magnetic levels at the zero field. The zero field splitting has the maximum value for H b and vanishes at H a. The representation of the spectrum in the field range covering the lines 1,2,3,4 in the form of four lorentzian lines revealed the presence of the fifth line which has the g−factor of about 2.0 and the linewidth of about 600 Oe. The presence of this fifth line (we note it by the number "0") is obvious e.g. at the Fig.2 where the up and down displacements from zero line of the 9GHz-record of the derivative are observable at the resonant fields of the resonances 1,2,3. These displacements correspond to the presence of a wide line in addition to lines 1,2,3,4. The intensity of the line "0" is about 0.07 of the integral ESR intensity at 1.3 K for the sample with Q=20. For the sample with Q=6 the intensity of the line "0" is much larger and exceeds for 10 times the total intensity of lines 1,2,3,4.
The dependencies of the resonant field on it's orientation are given in the Fig.4 . The lines 1 and 3 exchange their positions so that the frequency diffferences f 1,3 −f 2 change their signs. The rotation of the field from the c− direction to a−direction results in the merging of the lines 1,2,3 into one line. The resonance line 4 has a strongly anisotropic g−factor with the variation between the limits 1.43 and 1.86 depending on the orientation of the magnetic field with respect to crystal axes.
The line α was observable only on the frequencies 9.1 and 9.4 GHz. The difference of the resonance field values for these frequencies shows that this line has the zero frequency in zero field and the g−factor value of 5.4 at H c. The value of the g−factor of the line β doesn't depend on the orientation of magnetic field and is equal to 4.21. This value is typical for the Fe Table 2 . For the samples with the smaller Q-values the intensity of the line "0" is larger. This fact is illustrated in Table 2 by the ratio 1−4 /I 0 of the total intensity of lines 1,2,3,4 to the intensity of the line "0" at T =1.3 K. Besides the data of the present work the data from the paper [11] are also given. For the low-Q samples the intensity of the line "0" becomes larger, and the lines 1,2,3 broaden or disappear as observed in crystals grown at the higher crystallization rate. The line 4 is also broadened and at the same time enlarged in the intensity. The comparison of the samples from the main set and of the sample N2 from [12] shows that the low-Q sample has the stronger line 2. The lines 1 and 3 have the same intensity and the linewidth as in the pure sample. The line α is of the same intensity as in the most pure sample, and the line β is more intensive according to the data of the Fe-concentration analysis.
The Fig.8 shows that the smaller is the crystallization rate the smaller is the intensity of the line 4. This observation is made for the samples grown from the same initial components and confirms the arising of line 4 from the structure defects within the magnetic subsystem of Cu-ions rather than from impurity atoms. The resonant microwave magnetic susceptibility appeared to be power-dependent for the line 4. Fig.9 shows the lines of the magnetic resonance absorption on the frequency 20.2 GHz at different levels of the incident microwave power. When the microwave power exceeds some threshold value the enlarging of the susceptibility occurs and the intensity of the line 4 becomes larger than the total intensity of lines 1,2,3. The lineform becomes asymmetric, the additional absorption on the left wing is more elongated then on the right wing. The dependence of the imaginary part of the susceptibility on the microwave power is shown on Fig.10 for the case of the resonance field value and for the wing of the resonance curve. This dependence demonstrates the threshold for the enlarging of the susceptibility. The threshold power, marked by the arrow on the figure, corresponds to the incident microwave power of about 1 mW and to the absorption in the sample of about 100µW. The strength of the microwave magnetic field on the sample is about 0.1Oe.
The effect of the nonlinear enlarging of the imaginary part of the microwave magnetic susceptibility has the maximum value at the frequency about 20 GHz. At the frequencies 18 and 23 Ghz this effect also is present but the nonlinear enlarging of the susceptibility at the comparable power is approximately 3 times smaller. For other frequencies (the closest of them is 26 GHz) the nonlinear enlarging of the susceptibility is not larger then the noise level.
Discussion

Temperature evolution of the lineform
The temperature evolution of the magnetic resonance lineform i.e. the transformation of the single narrow line into the single wide line and then into four narrow lines arisen from this wide line may be explained by taking into account the exchange interaction of the paramagnetic defects of the spin-Peierls phase with the thermally activated triplet excitations [11] . The exchange frequency is determined as the product of the exchange integral expressed in the frequency units by the relative concentration of the triplet excitations [15] . When the exchange frequency is greater than the difference of the frequencies of the different resonance lines, only single line with some average frequency should be observed (the effect of the exchange narrowing). By lowering the temperature the concentration of triplets drops and when the exchange frequency passes the value of the order of frequencies difference the separate lines arise which are narrowing at the further freezing out of the triplet excitations [16] .
This scenario of the lineform evolution was observed in the TCNQ organic crystals, having the nonmagnetic ground state and the triplet excitations states [16] . In the pure crystals of this substance the line widening and splitting into two lines were observed. These two lines corresponded to the triplet excitations with the effective spin S = 1 in the crystal field. The line corresponding to the residual defects with the effective spin S = 1/2 was found in the irradiated crystals of TCNQ [17] . The two lines corresponding to S = 1 vanish in intensity with temperature. For the crystals containing defects the lines attributed to S = 1/2 and S = 1 do not disappear at the temperature diminishing and show the temperature dependence of the intensity like the intensity of a paramagnetic sample ESR. It was shown in [11] , that the linewidth of the ESR in CuGeO 3 follows the temperature dependence provided by the described mechanism in the range of the rapid (above 5 K) as well as in the range of the slow (below 5 K) exchange.
Effective spin and the origin of the defects
In the temperature range below 4 K the susceptibility is suppressed by the transition into the spin-Peierls phase, the ground state of this phase is singlet and nonmagnetic, the excitation states being separated by the energy gap. The magnetic susceptibility and the intensity of the ESR signal should be exponentially close to zero at low temperatures. The nonzero susceptibility and the ESR signal are provided by the defects of the spin-Peierls phase. Clearly the observed ESR signals are attributed to different type of defects and further we try to identify these defects.
The lines 1,2,3 have equal g−factor values, close to the g−factor of the Cu 2+ -ions in the paramagnetic phase of CuGeO 3 . This fact shows that the lines 1,2,3 are attributed to Cu-ions. The value of the g−factor of the line 4 differs strongly from the Cu 2+ g−factor value. One could assume this line to be provided by impurity. But the chemical composition analysis gave the limit of the paramagnetic impurities concentration corresponding to only a half of the observed magnetic resonance intensity. We recorded the ESR spectrum of the single crystal with the composition Cu 0.995 Ni 0.005 GeO 3 . The impurity ESR line of this crystal corresponds to the g-factors g a =1.92, g b =2.00, g c =1.7, i.e. it's frequency differs sufficiently from the frequency of line 4. Thus the presence of the nickel impurity could not explain this signal. The magnetic resonance signals provided by the nonmagnetic doping do not show g − f actor changes above 3% [19] . Besides that the difference in the intensities of the line 4 of the samples prepared at different crystallization rates from the same components testifies the origin of this line from Cu-ions. Thus the results obtained demonstrate that the resonance lines 1,2,3,4 arise from the Cu-ions.
The relative intensity of the line 2 with respect to the lines 1,3 is different for the samples of different quality (see Fig.7 ). The ratio of the intensities of lines 1 and 3 is the same for different samples. From this fact we conclude that the lines 1,3 are provided by the defects of certain type, and the line 2 arises from the defects of another type. The absence of the crystal field splitting for the line 2 shows the effective spin S =1/2 of this type of defects [20] .
The zero field splitting and the angular dependence of lines 1,3 with the exchange of their mutual positions mean that these lines belong to the defects with the effective spin S =1. The splitting of the magnetic resonance line by the crystal field into two lines is characteristic for spin S =1. The angular dependencies of these two lines resonance fields are analogous to the dependencies shown in Fig.5 , the separation between the lines being independent on frequency when gµ B H ≫ D, here D is the single ion anisotropy constant of the spin-Hamiltonian. [20] . Therefore we assume that the lines 1 and 3 are concerned with the exchangecoupled S = 1 pairs of Cu-ions. The ESR-line of these pairs may be split by the dipole-dipole interaction or by the anisotropic exchange [21] . Such a splitting was observed in the ESR spectrum of copper-acetat-monohydrat [21] . The consideration of dipole-dipole interaction or of the anisotropic exchange is necessary because the splitting of the spectrum of the pairs of S = 1/2-ions by the single ion anisotropy is absent.
Intrinsic defects of the spin-Peierls phase
We found in our experiments that the line 2 of the S = 1/2-and the lines 1,3 of the S = 1-defects have the comparable intensities. For the random distribution of the small number of the defects the exchange coupled pairs resonance should be much less intensive than the resonance of the isolated defects. For an explanation of this contradiction one should consider the structure of the magnetic defects of the spin-Peierls crystal arising at the transition point.
As it was described in the Introduction, the low temperature phase is characterized by one of the two values of the dimerization phase. The creation of the domains (crystallites) with the different values of this parameter is possible during the transition. On a boundary between two crystallites the value of ψ changes from ψ = 0 to ψ = π and at least one atomic layer remains undimerized. The boundaries of the crystallites are usually pinned at the defects and thus one point defect in the high temperature phase may produce the entire plane of the magnetic defects below the transition. The known boundaries of the antiferromagnetic domains are examples of the plane-type defects in a relatively perfect crystal [22] . Fig.11 shows schematically the Cu-ions in the dimerized crystal containing two domains. The orientation of the plane parts of the boundary is chosen to be directed along the principal directions. The boundary of the first type (I) lies in the plane ac and contains the undimerized chains oriented along c-axes coupled by the weak ferromagnetic exchange J a . The passing of this boundary violates the order of the oxygen atoms displacement. In the second type of boundaries (II), lying in the plane bc (not shown in the Fig 11. ) the undimerized spin chains are coupled by the weak antiferromagnetic exchange J b . In both cases there is a strong intrachain exchange interaction characterized by the exchange integral J c . The violation of the order of joining of Cu-ions into pairs takes place in the boundaries of the third type (III) lying in the planes ab or in the family of the planes {101}. This type of boundaries contains the undimerized spins from different chains. The week exchange interactions J a and J b are coupling the spins in the plane of this boundary.
The type I boundary contains the magnetically unordered spin chains with the strong intrachain exchange J c . The week ferromagnetic exchange acts in the perpendicular direction. The magnetic susceptibility of these chains is suppressed by the strong exchange J c and is of about 1/200 of the susceptibility of the same amount of paramagnetic spins at T =1.5 K. The structure defects in this boundary (vacancies cutting the chains or the steps) should result with a high probability in the creation of S = 1 exchange coupled pairs of the Cu-ions due to the ferromagnetic exchange J a between the spins of the neighboring chains. The breaks of the chains in the boundaries of the type I are probably the sources of the exchange coupled pairs giving the ESR lines 1 and 3.
The angular and frequency dependencies of the magnetic resonance field of lines 1 and 3 may be described on the base of the spin-Hamiltonian of the effective spin S = 1 [20] : (3) with the parameters g c = 2.10,
The analogous defects in the main spin-Peierls matrix or in the boundaries of the types II and III remain mostly unpaired or create pairs with the spin S = 0 due to the stronger antiferromagnetic exchanges along the axes c and b.
The resonance line 2 is naturally combined with the isolated breaks of the spin chains away from the boundaries or in the boundaries of the type II. These breaks produce the free S = 1/2 spins.
The splitting of the ESR line into three spectral components at lowering the temperature was also observed in the organic spin-Peierls crystals [23] . In this case the analysis of the angular-and frequency-dependencies of the resonant fields of theses components was not performed. The authors interpreted the observed components as ESR signals of different magnetic ions with different g−factors.
The specific transformation of the ESR line in the spin-Peierls magnet with the splitting of the single line into several lines and among them a triplet was confirmed by the observation of the described scenario of the evolution of the lineform for the lately discovered second inorganic spin-Peierls crystal NaV 2 O 5 [24] .
Magnetic clusters in the spin-Peierls matrix
We consider now the domain boundaries of the type III, having the undimerized spins from different chains in the plane. According to the concept developed in [7, 10] each undimerized spin is a center of a region with the antiferromagnetically correlated spins. The size of this region (soliton) is estimated theoretically as about 7 lattice periods along the c−axes. The total spin of the soliton is 1/2 and the average of the spin projection on the site diminishes with going away from the undimerised spin due to the dimerization (see Fig. 12 ).
These objects are magnetic clusters within the nonmagnetic spin-Peierls matrix. Magnetic resonance of this clusters having the internal structure is an yet unsolved problem. The related problem of magnetic resonance of the three-spin cluster of equal S = 1/2 ions is reported [25] . For the isosceles triangular cluster with the small deviation from the equilateral triangle the energy levels are given by the relation:
here θ -is the angle between the z -axes of the cluster symmetry and the magnetic field, J 0,1 -exchange integrals, δ =| J 1 − J 0 |, G-coefficient of the antisymmetric exchange interaction of Dzyaloshinski-Moria. The coefficient G equals zero if the symmetry center exist between the ions constructing the pair. If the energies of transitions between the levels (4) are small compared to δ, G then they are determined by the relation
Thus in the low-frequency range the spectrum of the magnetic resonance of the triangular cluster is analogous to the ESR spectrum of an isolated single ion with the strongly anisotropic g−factor and with g z <2. The experiments with the organic complex crystals containing the triades of Cu-ions revealed the correspondence of the static magnetic susceptibility [27] and of the resonant properties [26] to the consideration described above, considering the nonzero value of G.
For the description of the linear three-spin cluster created within the nonmagnetic spin-Peierls matrix around an undimerized spin we take the Hamiltonian in the form:
here G 12 and G 23 are vector parameters of the Dzyaloshinski-Moria-interaction. The energies of the two lowest states of the cluster at the arbitrary orientation of the magnetic field are given by the relation:
here ε 1 , ε 2 are the energies of the two possible S = 1/2 states of the cluster in the absence of the antisymmetric exchange and of the magnetic field:
G and h are G =
, h = gµ B H, g takes the values of the corresponding components of the g−tensor of the single Cu-ion.
For the case h ⊥ G the effective g−factor is approximately given by
Taking J 23 = J 12 = 10 meV [3] , J 13 =3.6 meV [28] we obtain for the observed g = 1.43 that the vector G should be perpendicular to the plane of the fragment CuO 2 -CuO 2 -Cu with the value of G 12 + G 23 of about 8 meV. Note that G=0 for the cluster with the center of symmetry at the middle spin. However, as it is seen from Fig.11 there is no symmetry centers on the sites of the undimerized spins within the boundary of the type III. The symmetry centers disappeared due to the distortions of the regular dimerized pattern for the neighboring pairs of the Cu-ions.
The estimation of the antisymmetric exchange given above is of the order of the main exchange interaction which seems to be nonrealistic. Further we consider the five spin model (Cu5-Cu4-Cu1-Cu2-Cu3). Here the number of the states with the total spin S = 1 2 which are admixed to the main doublet by the antisymmetric exchange is enlarged. As a consequence the relation (9) transforms in the following way:
here E are determined by the equations:
Note that only the antisymmetric term G 12 + G 23 is included in (9) while the symmetrical contribution G 12 + G 23 − G 41 − G 54 arises in (10) . This principal difference is due to the fact that the three-spin cluster has the single excited state with the total spin S = The five spin cluster has four S = The numerical calculations performed by the exact diagonalization of the energy matrixes in the presence of the magnetic field including all the excited states of the five spin cluster give G 12 = 3.0 meV.
The average values of the spins projections of the spins of the cluster obtained during the process of this calculation are given in Fig.12 . The presence of the antisymmetric exchange in CuGeO 3 with the Dzyaloshinsky vector perpendicular to the c−direction was at first assumed in [29] at the analysis of the reasons of the high-temperature ESR line broadening. It was noted that this assumption contradicts to the crystal structure of the CuO 2 -chains reported in [2] . We note here, that the symmetry is lowered in the vicinities of the undimerized spins contained within the domain boundaries of the type III and the presence of the Dzyaloshinski-Moriya interaction becomes permitted at least below T SP .
The ESR line 4 is obviously to be associated with the defects of the last type of the Cu-ions magnetic system. The consideration of five-spin-cluster given above enables one to explain the strong deviation of the g−factor from the value 2.0 and the strong anisotropy of g− factor by taking into account the antisymmetric exchange interaction with the parameter of about 0.3 of the exchange integral.
Surely the above consideration of the magnetic cluster with the internal structure defined by the Dzyaloshinsky-Moriya interaction give only qualitative explanation of the strong deviation of g−factor. There are two following contradictions of the described model to the experimental facts. At first, the value of g−factor does not come close to 2.0 for any direction of the magnetic field (there should be such a direction according to the model), and secondary -the strong diminishing of g−factor is to be for any direction perpendicular to G but we observe the strongest diminishing only along c−axes. Probably these discrepancies may be ascribed to the antisymmetric exchange of the next-nearest-neighbor-ions or to the nonparallel Dzyaloshinsky vectors of the different pairs of ions.
The 9 GHz-ESR of the crystal of higher quality was reported in [11] . The data given there testify the Q-value of about 100. The ESR lines α, 1, 2, 3, 4 were also observed there and the resonance fields of these lines correspond well to the fields observed in the present paper. This fact confirms that the spectrum consistent from a triplet line and of the cluster line is characteristic for pure spin-Peierls crystals.
2D-magnet on the boundary between the domains of the spin-Peierls phase
The localized soliton may be considered as a magnetic quasiatom because it's internal structure is fixed by the strong exchange J c . Thus the type III boundary is a two-dimensional-magnet of these quasiatoms, coupled by the ferromagnetic exchange NJ a along a−direction and by the antiferromagnetic exchange NJ b along the b−axes. Here N is the effective number of spins within the quasiatom. Using for an estimation N ≈ 5 we derive the exchange integrals between quasiatoms of about 50 K along b and about −5 K along a−axes. Due to the anisotropy energy of per quasiatom-spin of E a =0.5 K, the ordering temperature of this 2D-magnet is of about
Therefore at the temperature of our experiments when T ≪ NJ b this planar magnet may be unordered but strongly correlated magnet. The long-wave excitations of this magnet are analogous to spin waves in the antiferromagnet without anisotropy. [30] . One of the branches of these excitations spectrum ω 1k is gap-less even in presence of the magnetic field. The second branch has the gap ω 20 = g α µ B H α . The uniform high frequency magnetic field enables us to excite the uniform precession mode with the frequency ω 20 . Because of the elliptical trajectories of the spin precession caused by the anisotropy, the parametric excitation of the pairs of spin waves of the gap-less mode is possible by the decay of the uniform mode, when the pair meets the condition of the parametric resonance:
Here ω mw is the frequency of the microwave pumping. The absorption of energy at the parametric excitation has a threshold in pumping power, the flow of energy into the spin-wave modes having the resonance maximum near the frequency of the uniform mode (see, e.g. [31, 32] ). The resonance is due to the transfer of energy via the magnetization oscillation of the gap-like-mode.
The parametric excitation of the spin waves of the gap-like mode should provide the absorption of the microwave magnetic field energy in the field range below the resonance field of the uniform precession at a half frequency. We observed such absorption bands, as is it seen on Fig.2 and Fig.3 (line ν) .
The observed effect of the threshold enlarging of the susceptibility at the resonance of the line 4 leads one to the conclusion that there are the two dimensional planar magnetic defects inside the spin-Peierls matrix. The point-like magnetic defects could not provide the nonlinear effect with the enlarging of the susceptibility, only the saturation effect is known for the magnetic resonance of the isolated ions, with the diminishing of the imaginary part of the susceptibility at enlarging microwave power. The presence of the three-dimensional magnetically correlated areas is less probable because 3D-ordering temperature should be greater, of the order of (J c J b ) 1/2 ≥ 10K and the 3D-dimensional order would result in the observable zero-field gaps for both branches of the spectrum. This assumption is in a contradiction with the linear and gapless dependence f 4 (H).
Conclusion
The defects of the spin-Peierls phase with the effective spins 1/2 and 1 are identified on the base of the analysis of the low temperature ESR spectra of pure crystals of CuGeO 3 . Spin-1/2-defects are created by the breaks of the spin chains and spin-1-defects -by the exchange coupled pairs of this breakups placed in the boundaries of the domains of the spin-Peierls phase.
The additional ESR signal is found revealing the two-dimensional magnetic defects with the long-range magnetic correlations. This planar objects are proposed to be the boundaries of the spin-Peierls phase with the different values of the dimerization phase. χ'', a.u. 
